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ABSTRACT 
 
Heavy metal pollutants are introduced into the aquatic systems significantly as a result of 
various industrial operations. Cobalt is an important heavy metal pollutant. It is of interest to study 
it’s effect on the germination and seedling growth of ragi (Eleusine coracana L.) 
Gaertn.Biosorption is a low cost tool to control the soil pollution due to metal ions. The uptake of 
heavy metals by biomass can in some cases reach up to 50% of the biomass dry weight. In the 
present study the seedlings of finger millet (Eleusine coracana L.) Gaertn were treated with 
various concentrations of cobalt chloride and its impact on the morphometric, biochemical and 
enzymatic characters were studied. After ten days treatment with different concentrations of cobalt 
chloride (2mM, 4mM, 6mM, 8mM, & 10 mM) the growth parameters such as leaf area, fresh 
weight, dry weight, shoot length, root length were found decreased than in the control. 
Biochemical parameters such as soluble sugar and protein content were decreased while the 
contents of free amino acid, proline and leaf nitrate and the activities of enzymes such as catalase 
and peroxidase were barring nitrate reductase found to increase with the increase in the 
concentration of cobalt chloride. Application of cobalt chloride filtrate treated with various 
quantities (2gm/L, 4gm/L & 6gm/L & 8gm/L) of the seaweed Ulva lactuca on the experimental 
plant has caused relief from stress due to cobalt chloride has shown the stress relieving effect 
caused  by cobalt chloride. The Atomic Absorption of Spectroscopy (AAS) technique was 
employed to confirm the presence of cobalt chloride in the treated plants and control. Comparison 
of the values of treated plants with control reveals that cobalt chloride has seriously affected the 
finger millet plants and Ulva lactuca efficiently biosorbed the cobalt heavy metal. 
 
Key words: Biosorption, Finger millet, Cobalt toxicity, Antioxidants and Atomic Absorption 
Spectroscopy 
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INTRODUCTION 
The increased use of metals and chemicals in 
industries has resulted in the generation of 
large quantities of aqueous effluents that 
contain high levels of heavy metals, creating 
serious environmental disposal problems. 
Additionally, mining, mineral processing and 
extractive metallurgical operations generate 
huge volumes of toxic liquid waste [1]. 
Heavy metal pollution is a major 
environmental concern in many countries. 
Cobalt containing compounds discharged 
through different industrial activities 
constitute one of the major causes of water 
pollution. Heavy metals pose a significant 
threat to the environment and public health 
because of their toxicity, accumulation in the 
food chain and persistence in nature. [2, 3] 
    There are some conventional methods for 
treatment of liquid effluent for removal of 
heavy metals such as ion exchange, chemical 
precipitation, reverse osmosis and co-
precipitation which are designated to remove 
radionuclides and metal ions from the 
effluents. [4]. These conventional techniques 
can reduce metal ions, but they do not appear 
to be highly effective due to the limitations in 
the pH range as well as the high material and 
operational costs [5].  Therefore, there is 
growing interest in using low-cost, easily 
available materials for the adsorption of 
metal ions. A low-cost adsorbent is defined 
as one which is abundant in nature, or is a by-
product or waste material from another 
industry. Biosorbent materials derived from 
suitable biomass can be used for the effective 
removal and recovery of heavy metal ions 
from industrial solutions. A number of 
methods exist for the removal of heavy metal 
pollutants from liquid wastes when they are 
present in high concentrations. These include 
methods such as precipitation, evaporation, 
electroplating, ion-exchange and membrane 
processes [6]. Several methods are used to 
remove toxic metals from industrial 
effluents, such as precipitation [7], 
oxidation/reduction [8].  
 
These processes are expensive, and 
also have other shortcomings, such as 
incomplete removal of metals, limited 
tolerance to pH change, moderate or no metal 
selectivity, very high or low working levels 
of metals, and production of toxic sludge or 
other waste products that also need disposal 
[9], [10]. Many algae, yeasts, bacteria and 
other fungi are known to be capable of 
concentrating metal species from dilute 
aqueous solutions and accumulating them 
within their cell structure [11]. This 
innovative depurative process uses 
biomaterials which are either abundant in 
nature example marine algae [12].  
 
Among the biosorbent materials algae 
have proved to be both economic and eco-
friendly as they are abundantly available, 
have regeneration and metal recovery 
potentiality, lesser volume of chemical 
and/or biological sludge, high efficiency in 
dilute effluents, and a high surface area to 
volume ratio [13]. 
 
The cell walls of bown algae generally 
contain components such as cellulose and 
alginic acid which contain several functional 
groups (amino, carboxyl, sulphate and 
hydroxyl) that could play an important role in 
the biosrption process [14]. The preferential 
binding of larger ions can be attributed to 
stereo chemical effects such as the 
coordination of the oxygen atoms 
surrounding the metal ion [15]. 
 
 
In the present study, it was aimed to find out 
the impact of various concentrations of cobalt 
chloride on the growth of plants and studying 
the effect of varying amount of natural 
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biomass of seaweed Ulva lactuca mitigating 
matal pollutants. 
 
MATERIALS AND METHODS 
 
For both control and experimental 
plants seeds were allowed to grow in uniform 
mixed red, black and sandy soil in 1:1:1 ratio. 
After ten days, the seedling of Eleusine 
coracana (L) Gaertn were treated with 
various concentrations of cobalt chloride. 
The seaweed Ulva lactuca was 
collected from Uvari coastal area, shade dried 
and finally powdered by milling. In another 
set 6mM of cobalt (the concentration at 
which the toxicity found to be optimum) level 
based on LST analysis [16]. was mixed into 
various amount of Ulva lactuca seaweed dry 
powder (2g/L, 4g/L,6 g/L and 8 g/L W/V) 
constantly shaken in a shaker for 12 hours, 
filtered and the plants of another set was 
treated with filtrate.  
 
Ten days after cobalt treated and 
biosorbed plants of E. coracana (L) Gaertn 
were here used for measuring the 
morphometric characters such as shoot 
length, root length, leaf area, fresh weight and 
dry weight were measured by conventional 
method manually. But the pigmental 
characters such as chlorophyll a, chlorophyll 
b, total chlorophyll and carotenoids [17]. 
 
The biochemical parameters namely 
total soluble sugar and free amino acid [18], 
protein [19], Leaf nitrate [20] and enzymatic 
characters such as In vivo nitrate reductase 
activity [21], catalase and peroxidase [22] 
were analysed as per the method proposed by 
those mentioned within the parenthesis. 
 
Morphometric parameters were 
determined with ten independent replicates. 
Biochemical characters and enzymatic assay 
were carried with five replicates. The data 
were reported as mean ± SE (Standard Error) 
and in parentheses represent the percent 
activity. 
 
RESULTS  
The results obtained on the effect of 
different concentration of cobalt chloride 
were summarized and discussed. The results 
showed that the morphometric characters 
such as root length, shoot length, leaf area, 
fresh weight and dry weight increased in 
plants supplied with biosorbent treated cobalt 
chloride with Ulva lactuca (Table1). The 
levels of chlorophyll and carotenoids 
increased but the level of anthocyanin 
increased (Table 2). Similarly the total 
soluble sugar and protein increased and the 
leaf nitrate, free amino acid and proline 
decreased (Table 3). The activity of nitrate 
reductase activity increased, but the 
peroxidase and catalase decreased (Table 4). 
The cobalt content of the treated and control 
seedling of E. coracana (L) Gaertn was 
finally estimated using Atomic absorption 
spectroscopy study Table (5). 
DISCUSSION        
Leaf chlorosis is closely associated 
with morphological and physiological 
alterations in the chloroplasts of plant cells. 
In the present study, the content of 
chloroplast get markedly reduced, after Co 
exposure. This resulted in a reduction in the 
chlorophyll content of leaves. [24]. The 
reduction in sugar contents may be attributed 
to reduction in chlorophyll contents of the 
leaf and also a decline in protein. This change 
might have already affected the 
photosynthetic activity of the plant and hence 
the reduction in contents [25].The 
biosorption studies using growth regulators 
(GA3) present in algal suspension stimulates 
accumulation of chlorophyll via the increase 
of Mg2+ and/or inhibition of chlorophyllase 
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activity [26] and increased the carotenoid 
content [27].  
 
Proline is also a well-known and 
characterized osmoprotectant that occurs 
commonly in higher plants. It accumulates in 
large amounts than other amino acids in salt 
stressed plants to overcome stress 
conditions[28]. Proline is a proteinogenic 
five-carbon 𝛼-amino acid that acts as a 
compatible and metabolic osmolyte, a 
constituent of cell wall, free radical 
scavenger, antioxidant, and macromolecules 
stabilizer. [29].Under stress condition the 
inhibition of growth of cells, leaves and the 
whole plant were accompanied by an 
accumulation of nitrate in plant tissue 
particularly in leaves [30]. An increase in the 
amino acid and proline content after match, 
sugar industrial effluent treated has already 
been reported [31], [32]. The biosorptive 
studies of the metal-induced enhancement of 
the concentration of intracellular proline in C. 
vulgaris agreed with reports on higher plants 
[33]. 
 
The adsorption of Zn(II) by the algal 
biofilm could result in the fluctuation of 
nitrate reductase (NR) and superoxide 
dismutase (SOD) activity in algal cells. It is 
well known that EPS and proteins 
accumulated on the algal cell surfaces not 
only play an important role in the formation 
and stabilization of an algal biofilm structure 
but also provide protection to the algal cells 
against the challenging external environment 
[34], [35].The leaf nitrate content was found 
to be more in cobalt treated plants paralleling 
with the reduction in nitrate reductase 
activity (NR). The biosorptive studies of the 
nitrate reductase activity (NR) are increased 
with free heavy metals [36].  
The catalase, peroxidase activity was 
reported to be increased with the increase in 
the concentration of the cobalt chloride, and 
cause a major impact on the chlorophyll 
degradation. Catalase is an antioxidant and 
scavenging enzyme, found to be increased 
with the increasing concentration of cobalt 
chloride. Both the catalase and peroxidase 
catalyze the degradation of H2O2, which is a 
natural metabolite and also toxic to plants 
[37].  
The biosorptive studies, it was also 
observed that antioxidant levels decreased as 
a result of metal accumulation, which may be 
due to free radicals generated by copper and 
cadmium in seaweeds [38].
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Values in parenthesis indicate percent activity; value represents mean of 5 readings with their 
standard error (±)  
 
Table 1. Effects of raw and biosorbent treated cobalt chloride on the morphometric 
characters of Eleusine coracana  (L) Gaertn. 
 
 
 
 
 
 
Concentration 
 
Shoot 
Length 
 
Root 
Length 
 
Leaf area 
 
Fresh weight 
 
Dry weight 
 
Control 
20.40 ± 
0.0115 
(100) 
10.23 ± 
0.088 
(100) 
5.20 ± 0.057 
(100) 
1.89 ± 0.014 
(100) 
0.11 ± 0.008 
(100) 
 
6mM 
15.63 ± 0.260 
(76.63) 
08.26 ± 
0.611 
(80.78) 
4.30 ± 0.200 
(82.69) 
1.19 ± 0.101 
(63.09) 
0.08 ± 0.003 
(73.53) 
 
2g Ulva + 
6mM 
17.10 ± 0.173 
(83.82) 
09.33 ± 
0.120 
(91.21) 
4.40 ± 0.251 
(84.62) 
1.47 ± 0.146 
(77.68) 
0.10 ± 0.005 
(88.25) 
 
4g Ulva + 
6mM 
18.13 ± 0.120 
(88.89) 
09.70 ± 
0.057 
(94.79) 
5.0 ± 0.100 
(96.15) 
1.59 ± 0.151 
(84.18) 
0.10 ± 0.006 
(91.18) 
 
6g Ulva + 
6mM 
20.43 ± 0.088 
(100.2) 
10.20 ± 
0.057 
(99.67) 
5.23 ± 0.088 
(100.6) 
1.92 ± 0.030 
(101.2) 
0.11 ± 0.006 
(102.9) 
 
8g Ulva + 
6mM 
20.60 ± 0.208 
(101) 
10.33 ± 
0.088 
(101) 
5.30 ± 0.152 
(101.9) 
1.96 ± 0.066 
(103.7) 
0.12 ± 0.005 
(105.9) 
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Values in parenthesis indicate percent activity; value represents mean of 5 readings with their 
standard error (±)  
 
Table 2. Effects of raw and biosorbent treated cobalt chloride on the pigmental characters 
of Eleusine coracana  (L) Gaertn. 
 
 
 
 
Concentr
ation 
Chlorophyll 
a 
(mg/gLFW) 
Chlorophyll 
b 
(mg/gLFW) 
Total 
chlorophyll 
(mg/gLFW) 
Carotenoids 
(mg/gLFW) 
Anthocyan
in 
(mg/gLFW
) 
 
Control 
13.75 ± 
0.029 
(100) 
10.65 ± 
0.092 
(100) 
24.54 ± 0.136 
(100) 
0.21 ± 0.0005 
 (100) 
11.07 ± 
0.257 
(100) 
6mM 
Cobalt 
11.71 ± 
0.077 
 (85.14) 
8.80 ± 0.070 
 (82.63) 
20.42 ± 0.129 
 (83.23) 
0.17 ± 0.001 
(83.59) 
17.11 ± 
0.177  
(154.6) 
2g Ulva + 
6mM 
12.25 ± 
0.083 
(89) 
     8.82 ± 
0.060 
 (82.8) 
20.64 ± 0.171 
 (84.11) 
0.18 ± 0.001 
(84.57) 
16.15 ± 
0.303 
(146) 
4g Ulva + 
6mM 
12.57 ± 
0.108 
(91.4) 
9.18 ± 0.299 
(86.25) 
22.42 ± 0.226 
(91.39) 
0.19 ± 0.004 
(92.26) 
13.33 ± 
0.542 
(120.5) 
6g Ulva + 
6mM 
13.81 ± 
0.087 
(100.4) 
10.41  ± 
0.248 
 (97.74) 
24.66 ± 0.009 
(100.5) 
0.21 ± 0.006 
 (100.7) 
11.22 ± 
0.404 
(101.4) 
8g Ulva + 
6mM 
13.37 ± 
0.028 
(101.6) 
12.96 ± 
0.268 
 (102.9) 
24.80 ± 0.536 
(101.1) 
0.26 ± 0.001 
(101.7) 
10.74 ± 
0.092 
(97.10) 
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Concentr
ation 
Total 
soluble 
sugar 
(mg/g LFW) 
Total soluble 
protein 
(mg/g LFW) 
Amino acid 
(μMole/g 
LFW) 
Proline 
(mg/g 
LFW) 
Leaf 
nitrate 
(mg/g 
LFW) 
 
Control 
4.68  ± 0.026 
(100) 
2.05 ± 0.052 
(100) 
13.78 ± 
0.303 
(100) 
4.24 ± 0.36 
(100) 
0.17 ± 
0.001 
(100) 
 
6mM 
3.37 ± 0.020 
(72.15) 
1.17 ± 0.025 
(57.37) 
28.48 ± 
0.151 
(206.7) 
5.17 ± 
0.271 
(121.9) 
0.023 ± 
0.011 
(131.3) 
2g Ulva + 
6mM 
3.42 ± 0.017 
(73.15) 
1.25 ± 0.020 
(61.14) 
26.60 ± 
0.115 
(193) 
4.83 ± 
0.112 
(113.8) 
0.19 ± 
0.002 
(107.9) 
4g Ulva + 
6mM 
4.12 ± 0.105 
(88.11) 
1.67 ± 0.080 
(81.61) 
22.79 ± 
0.315 
(165.4) 
4.52 ± 
0.075 
(106.4) 
0.18 ± 
0.001 
(102.4) 
6g Ulva + 
6mM 
4.70 ± 0.092 
(100.6) 
2.05  ± 0.013 
(100.1) 
14.42 ± 
0.813 
(104.7) 
4.19 ± 
0.018 
(98.64) 
0.17 ± 
0.001 
(100.1) 
8g Ulva + 
6mM 
4.76 ± 0.037 
(101.7) 
2.10 ± 0.060 
(102.7) 
13.40 ± 
0.279 
(97.26) 
4.12 ± 
0.033 
(96.97) 
0.17 ± 
0.003 
(97.37) 
 
 Values in parenthesis indicate percent activity; value represents mean of 5 readings with their 
standard error (±)  
Table 3. Effects of raw and biosorbent treated cobalt chloride on the biochemical 
characters of Eleusine coracana(L) Gaertn. 
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Table 4. Effects of raw and biosorbent treated cobalt chloride on the activities of enzymes of  
Eleusine coracana  (L) Gaertn. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Values in parenthesis indicate percent activity; value represents mean of 5 readings 
with their standard error (±) 
                                Table 5.  Atomic absorption spectroscopic studies 
 
 
 
 
Concentr
ation 
NR Activity 
(μMole/g 
LFW) 
Catalase 
(mg/g LFW) 
Peroxidase 
(mg/g LFW) 
 
Control 
8.12 ± 0.116 
(100) 
2.22 ± 0.058 
(100) 
7.69 ±  0.030 
(100) 
 
6mM 
4.46 ± 0.145 
(54.90) 
3.04 ± 0.278 
(137) 
12.51  ± 0.490 
(162.7) 
2g Ulva + 
6mM 
   5.17 ± 
0.282 
(63.67) 
2.80 ± 0.038 
(126) 
9.61 ± 0.461 
(125.1) 
4g Ulva + 
6mM 
6.76 ±  0.138 
(83.26) 
2.53 ± 0.038 
(114) 
8.66  ± 0.114 
(112.7) 
6g Ulva + 
6mM 
8.15 ± 0.025 
(100.3) 
2.23 ±  0.107 
(100.5) 
7.67 ±  0.030 
(99.84) 
8g Ulva + 
6mM 
8.27 ±  0.101 
(101.7) 
1.5 ± 0.279 
(96.43) 
7.46 ±  0.082 
(97.02) 
 
      SAMPLE 
 
AAS in 
ppm 
 
SAMPLE 1 (Control) 0.8774ppm 
SAMPLE 2 (6 mM Co)         3.6240ppm 
SAMPLE 3 (2g + 6mM)         1.2027ppm 
SAMPLE 4 (4g + 6mM)         1.1041ppm 
SAMPLE 5 (6g + 6mM)          0.9143ppm 
SAMPLE 6 (8g + 6mM) 0.8305ppm 
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CONCLUSION 
 
Comparison of the values given in parenthesis of treated plants with control reveals that 
cobalt chloride has seriously affected the finger millet plants and Ulva lactuca has efficiently 
removed cobalt heavy metal ions. 
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